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A strain of fibroblasts, obtained from the heart of a chick embryo on 
January 17, 1912, has completed the 10th year of its life in vitro.  On 
January 17,  1922~ our incubators contained about 60 cultures which 
represented  the  1860th  generation  of  the  connective  tissue  cells. 
The purpose of this paper is to describe the actual condition of the 
strain, to discuss its meaning, and to summarize the findings. 
1.  Present Condition of tke Strain.--The  growth of the tissue frag- 
ments is as rapid today as during the past years.  Each  fragment 
generally  doubles  its  volume in  48  hours.  The  cultures  (Fig.  1) 
have not modified their appearance.  1-4  They are composed of typical 
fibroblasts which grow in a dense tissue (Fig.  2)  at  the periphery of 
which individual cells  may be observed and photographed (Figs.  3 
and 4).  Many cells divide mitotically (Figs. 5 to 8). 
2.  Unlimited Proliferation and Potential Immortality ofFibroblasts. N 
The fact that fibroblasts have been kept in active condition for 10 years 
has  an  important  significance.  It  demonstrates  that  tissue  cells 
living in vitro  transform the foodstuffs of  their medium into proto- 
plasm, and that their mass increases effectively.  Some experimenters 
believed that ceils cultivated outside of the organism did not use the 
substances contained in the medium,  5 and that the mass of the tissue 
did not increase.  This opinion applies to tissues cultivated in Locke 
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solution, or by the plasma method, but not to tissues cultivated in a 
medium  containing  embryonic  tissue  juices.  ~  Observation  of  our 
strain of fibroblasts shows this beyond all doubt.  In 10 years, more 
than 30,000 cultures have been derived from a fragment of heart less 
than 1 c.mm. in size.  If it had been feasible to multiply the tissues to 
their greatest possible extent, today their mass would be very much 
larger than the sun.  Thus it is evident that some of the food material 
contained in the medium has been transformed into protoplasm. 
The  existence of  the  10  year old  strain  demonstrates  also  that 
the cells are potentially immortal.  This hypothesis was proposed long 
ago by Carrel when he observed that after 28 months of life in vitro 
the rate of growth of the active tissue cells had not decreased)  It 
was evident that fibroblasts living under the conditions of his  experi- 
ments were no longer subjected to the influence of time, as they are 
when living within the organism.  They could be compared to  uni- 
cellular  organisms,  such  as  Paramecium,  which Woodruff has  cul- 
tivated  for  over  14  years,  ~ and  could  be  considered  as  potentially 
immortal.  This opinion was criticized by Harrison, 8 who considered 
it unjustified until the cells should have lived in cultures for a period 
exceeding the duration of life of the organism from which they were 
taken.  Pearl  9 believes that  the present  age  of the strain  of fibro- 
blasts fully disposes of this criticism, as the limit of the life of chickens 
is  often 10 years.  It may be  considered as  certain,  therefore, that 
fibroblasts will proliferate indefinitely, as do colonies of Infusoria. 
3.  Use  of the  Strain  of Fibroblasts  in  Physiological  Studies.--The 
purpose of the experiments was not only to ascertain whether fibro- 
blasts could proliferate indefinitely, but also to study certain biologi- 
cal problems.  Pure cultures of cells  1° are as necessary in physiology 
as  pure  cultures  of  microorganisms  in  bacteriology.  The  strain, 
being composed only of typical fibroblasts, grows with great regularity, 
and was found to respond readily to changes in the composition of 
the culture medium by a modification of its rate of proliferation.  The 
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original  technique  lm  was  progressively  perfected.  Studies  of  the 
optimum medium  from  the point  of view of osmotic tension  ~2  and 
H  ion concentration  ~8 were made.  Substitution of a  fibrinogen sus- 
pension for plasma was rendered possible.  ~4  More accurate methods 
of preparing and measuring the cultures were developed,  ~s by which 
differences of less  than  10  per cent in the rate of growth could be 
ascertained. 
The strain,  then,  could be used as  a  reagent for the detection of 
substances contained in the humors which have the power of activat- 
ing or decreasing the rate of cell proliferation.  The variations of the 
rate of growth  demonstrated  the  presence in embryonic juice  of a 
factor which increases the  velocity of cell multiplication  to  a  high 
degree.~, ~  It showed also that the state of the fibroblasts at a given 
time, was  function  of  two  independent  variables,  their  dynamic 
condition at the preceding instant, and the condition of the medium.  ~7 
It became evident that the activity of the fibroblasts does not depend 
on the amount of potential energy they contained at the beginning of 
their life but upon certain substances present in the medium.  The 
cells remained indefinitely young or grew old  ~7 according to the food 
material they were given and the extent of the elimination of their 
catabolic  substances. 
In the same manner, it was found that adult serum  produces on 
fibroblasts an effect opposite to that of embryonic tissue juice.  This 
~nMbitihg power of a serum increased very much with the age of the 
an{real from wldch it was obtained.  18  As there was a  definite  rela- 
tion between the age of the animal and the rate of cell proliferation in 
its serum, the growth index of the serum indicated the variations tu the 
age.  19 
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The strain was used also in the study of the response of tissue cells 
to  an  antigen.  It is  known  that  an antigen  added  to  a  culture  of 
bone marrow determines the formation of an antibody.  2°  When the 
strain was  sensitized by  a  foreign protein,  its  response  to  a  second 
injection  = showed that it could be used in the investigation of certain 
phenomena of immunity.  As it has become possible lately to obtain 
strains  of  lymphocytes  ~  and  of  epithelial  cells  ~s  living  in  vitro  by 
practically the same procedure that is used for fibroblasts, the scope 
of  these  studies  will  be  increased. 
EXPLANATION OF PLATES. 
PLATE 64. 
FIG.  1. Culture 24871-1.  Passage  1858.  10 years, lacking 4 days, of life in 
vitro.  Portion of  the central and peripheral zone.  Among the peripheral cells, 
a number of mitoses can be distinguished.  Stained with methylene blue after 48 
hours growth.  X  100. 
PLATE  65. 
FIG. 2.  Culture  24870-1.  Passage  1858.  10 years, lacking 4 days, of life in 
~i~ro.  Very active culture.  Peripheral area in which  nine mitotic figures  can 
be observed.  Stained with methylene blue after 48 hours growth.  ×  300. 
PLATE 66. 
FIO. 3.  Culture 24871-1.  Passage 1858.  Typical fibroblast in the peripheral 
zone of the culture shown in Fig. 1.  ×  1,000. 
FIG. 4.  u  Culture 422.  Passage  1710.  9 years, 3 months, lacking 4 days, of 
life in vitro.  Typical fibroblast.  Stained with gold chloride after 48 hours growth. 
X  1,100. 
FIGS. 5 and 6.  Culture 24041-2.  Passage 1844.  A cell undergoing mitotic 
division after 10 years, lacking 1 month, of life in vitro.  Stained with methylene 
blue after 48 hours growth.  X 1,000. 
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FIo. 7.  Culture 964 A.  Passage 1857.  10 years, lacking 2 days, of life in ritro. 
Fibroblast  a  short time  after division.  Stained  with methylene blue  after 48 
hours growth.  X 1,000. 
FIo. 8.  Culture 964 A.  Passage  1857.  Double mitoses in an actively grow- 
ing culture, after 10 years, lacking 2 days, of life in r/tro.  Stained with methylene 
blue after 48 hours growth.  X 1,000. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL.  XXXV.  PLATE 64. 
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